Introduction
Endometrial abnormalities pose diagnostic challenges for radiologists and gynaecologists. The endometrial appearance is influenced by several factors, such as age, menstrual status, pregnancy and hormonal therapy. Amongst these, menstrual status is potentially the most influential factor affecting endometrial thickness.
Although the accepted normal value for endometrial thickness is < 5 mm, 1,2 endometrium ≥ 5 mm on transvaginal ultrasonography (TVUS) imaging in a postmenopausal woman is considered asymptomatic endometrial thickening. 3, 4, 5 Current literature concerning TVUS imaging suggests that asymptomatic endometrial thickness of 8 mm -11 mm in a postmenopausal woman may be normal. 6, 7, 8, 9, 10 TVUS may be ideal for reliable and cost-effective evaluation of the female reproductive tract and can measure several parameters including endometrial thickness, endometrial pattern and the endometrial and subendometrial perfusion. 11 By using three-dimensional ultrasonography (3D US), any plane through an organ can be obtained, and a volume image can be recorded and further analysed in several ways, including navigation, multiplanar display, surface rendering or volume calculation. 11, 12, 13 There remains no doubt that TVUS and 3D US are feasible, cost-effective and reliable modalities.
Magnetic resonance imaging (MRI) findings often correlate with US findings. Although MRI is an objective method with higher reproducibility than US, it is not first choice for asymptomatic or general patient screening, mainly because of its cost and scanning time. Therefore, screening pelvic MRI is confined to expensive private programmes, and data detailing the endometrial thickness in normal postmenopausal woman are inadequate. Furthermore, there have not been any studies assessing endometrial thickness on MRI in a sufficiently large study population. The present study investigated endometrial thickness in postmenopausal women by using MRI and correlating the findings to their menstrual activity and age.
Background:
The accepted threshold for normal endometrial thickness is 5 mm; lesions with endometrial thickness < 5 mm are considered benign, whilst those > 5 mm are considered malignant. However, endometrium ≥ 5 mm on transvaginal ultrasonography in postmenopausal woman is considered as asymptomatic endometrial thickening. However, recent studies suggest that asymptomatic endometrial thickness of even 8 mm -11 mm in postmenopausal women may be normal.
Objectives:
The present study investigated the normal endometrial thickness range in 297 asymptomatic postmenopausal women using 3.0-T magnetic resonance imaging (MRI) T2-weighted sagittal images measured retrospectively by a single radiologist.
Method:
The data were classified according to patient age and postmenopausal duration, and the medical records and follow-up MR images were reviewed to assess the clinical outcome.
Results:
The mean endometrial thickness was 2.4 ± 0.1 mm (range: 0.1-11.6). The endometrium in 21 of 297 subjects was ≥ 5 mm thick. Follow-up MR images were obtained in 17 of these 21 women, and their endometrial thickness was found to have decreased in all of them. To date, none of the subjects has been diagnosed with endometrial cancer.
Conclusion:
Although 5 mm is considered the conservative threshold of normal endometrial thickness on MRI of postmenopausal women, this figure should not, to avoid excessive false-positive diagnoses, be assumed as an indication of malignancy. 
Research method and design

Study design
The present investigation evaluated and compared endometrial thickness in postmenopausal women by using a 3.0-T MRI system. The study was approved by our institutional review board, and written informed consent was obtained from all subjects.
Subject selection
The study population comprised 679 consecutive women aged 27 to 83 years, who underwent a health-screening programme including pelvic MRI at our institution from April 2007 to February 2008. Each patient completed a medical questionnaire on menstruation, medication use and medical history.
The following were the exclusion criteria: (1) premenopausal status (174 women), (2) unclear menstrual history (72 women), (3) history of hormonal therapy or breast cancer (16 women), (4) history of severe gynaecological disease (7 women), (5) myomatous uterus or massive endometriosis with diffuse deviation or endometrial deviation (31 women) (Figure 1 ), and (6) hysterectomy (82 women). The remaining 297 postmenopausal women were enrolled in the study and the data classified by patient age and menstrual activity.
Magnetic resonance imaging
All of the subjects underwent pelvic MRI as part of a healthscreening programme with a 3.0-T MRI system (Signa Excite, GE Healthcare UK, Buckinghamshire, England). Fast spinecho (FSE) sagittal T2-weighted imaging was performed (repetition time: 8000 ms; effective echo time 91.5 ms; field of view 28 cm). The acquisition matrix for the FSE images was 384 x 320 with a 6 mm section thickness and a 0.547 mm intersection gap.
Magnetic resonance image analysis
A single radiologist retrospectively measured the endometrial thickness on sagittal T2-weighted images at the thickest site between the two basal layers on the anterior and posterior uterine walls (Figure 2 ).
Follow-up evaluation
The medical records were reviewed to assess clinical outcomes. In subjects with an endometrium ≥ 5 mm, the endometrial thickness was also measured on any available follow-up MR images.
Results
Endometrial thickness of the 297 postmenopausal women (mean age 63 years; range 50-83) was 2.4 ± 0.1 mm (mean ± standard deviation) and ranged between 0.1 and 11.6 mm ( Figure 3 ). Their endometrial thickness was poorly correlated with patient age (r = 0.026, p = 0.652) ( Figure 3 ) and postmenopausal duration (r = 0.031, p = 0.583 (Figure 4 ).
The endometrium was ≥ 5 mm in 21 of 297 (7.1%) postmenopausal women. Three (1.0%) of the 21 women had an endometrium > 10 mm. Two of these women were referred to the gynaecology department following MRI, and one was diagnosed with endometrial hyperplasia, while no malignancy was detected in the second woman (class 1). Follow-up gynaecological examination could not be performed in the remaining case. Follow-up MRI was performed in 17 of 21 women with endometrial thickness ≥ 5 mm and showed a decreased endometrial thickness in all of them. None of the subjects was diagnosed with endometrial cancer on follow-up examination.
Discussion
The endometrial thickness was successfully measured in 297 postmenopausal women using 3.0-T MRI. US is commonly used for gynaecological examination because of its convenience and non-invasiveness; however, it has drawbacks. Because US examination depends on operator skill, examinations must be performed by experienced staff with adequate training and skills. Therefore, accurate measurement of endometrial thickness can be difficult if US image quality is suboptimal. Furthermore, US is a poorly reproducible modality, and retrospective evaluation is difficult. In comparison, MRI is highly reproducible and can be re-evaluated at any time. In the present study, MRI was not directly compared with TVUS. Further studies are required to determine whether a single T2 sagittal sequence is equivalent to TVUS for assessing endometrial thickness.
The present analysis examined whether an endometrial thickness ≥ 5 mm in postmenopausal women is abnormal in a large sample population. Our findings support previous US studies stating that asymptomatic endometrial thickness of 8 mm -11 mm is most probably normal. 6, 7, 8, 9, 10 In addition, the incidence of endometrial thickening (≥ 4.5 mm) in postmenopausal women ranges from 3% to 17%, 3,4,5 while the incidence of endometrial cancer in an unselected postmenopausal population is reportedly 1.3 to 1.7/1000 women. 14, 15, 16 Some studies assert that there is no evidence supporting routine screening for asymptomatic endometrial thickening, 17, 18, 19, 20 and it remains debatable whether an endometrium ≥ 5 mm should always be considered abnormal.
In the present study, particular attention was focused on the 21 of 297 (7.1%) postmenopausal women with an endometrium ≥ 5 mm. No cases of malignancy were diagnosed, and only one case (0.3%) of hyperplasia was detected. In follow-up MRI of 17 of the 21 subjects, the endometrium was thinner in all 17 cases; to date, none of the subjects has been diagnosed with endometrial cancer. The incidence of postmenopausal women with endometrium ≥ 5 mm in the present study closely coincided with previous studies.
Similarly to previous studies, our results suggest that there is no evidence supporting routine screening for asymptomatic endometrial thickening, 17, 18, 19, 20, 21 and instead suggest the possibility of a risk of over-diagnosis in postmenopausal women with an endometrium ≥ 5 mm identified as abnormal without considering other risk factors. In 2010, Goldstein 22 recommended that postmenopausal asymptomatic endometrial thickening should be evaluated on a case-by-case basis. Even in an elderly patient with endometrium ≥ 5 mm and a long postmenopausal period, it is inappropriate to consider the condition abnormal if she is asymptomatic.
The correlation between endometrial thickness, age and postmenopausal duration was also assessed. The results showed that endometrial thickness correlated poorly with postmenopausal duration and patient age. Further studies are required to determine the MRI cut-off to accurately exclude neoplasia. Future studies performing limited MRI examinations prior to endometrial biopsy in patients with endometrial hyperplasia or suspected of having endometrial carcinoma are planned.
Limitations of the study
The present study has several limitations. The intra-observer error is unknown because all measurements were performed visually by one radiologist. Furthermore, the study does not compare MR and US images in the same subject. Some studies report consistent endometrial thickness on MRI and US compared with histologic measurement in hysterectomy specimens, 23, 24, 25 whilst others report a slight but consistent difference between the two modalities. 26 The third limitation is that endometrial thickness could not be measured correctly on sagittal T2-weighted images owing to postmenopausal haemorrhage; in such cases, a follow-up MRI may be desirable.
In addition to these technical limitations, the costeffectiveness of MRI is also a concern. MRI is an impractical screening tool to evaluate endometrial thickness because it is more costly than TVUS or 3D US. The cost to diagnose an instance of discrepancy was reportedly estimated at $7200, and routine CT, MRI and tumour markers are not necessary in all patients. 27 Therefore, it is clear that US is more suitable for screening of endometrial thickness, and MRI should not be used routinely. However, the present results can assist clinicians to correctly interpret MR images performed following an initial screening test.
Conclusion
Endometrial thickness in postmenopausal women was measured using 3.0-T MRI. The mean thickness was 2.4 mm, and 5 mm thick in 7% of patients, but none developed endometrial cancer. The commonly used criterion of ≥ 5 mm endometrial thickness as a possible sign of malignancy may 
